The magnitude and diversity of T cell responses reflects the outcome of a competition between positive signals initiated by T cell receptors (TCRs) and negative signals originating from an array of cell surface receptors. Fine control of this balance is essential for mobilizing protective immune responses while concurrently limiting potential immunopathologic complications, such as autoimmunity and destruction of bystander cells by toxic cytokines or cytolysis.
A rapidly accumulating body of literature in a variety of viral infection and tumor systems documents that conventional αβ TCR CD8 + T cells express receptors originally shown to impair NK activity (1) . Do these inhibitory NK receptors (iNKRs) operate similarly to dampen CD8 + T cell functions? In many, but not all, cases, when these receptors are blocked by mAbs or transgenically expressed, effector activities (i.e., cytotoxicity and cytokine production) of antigen-specific CD8 + T cells are enhanced or diminished, respectively (2) . Taken together, the data support the concept that CD8 + T cells, like NKs, express iNKRs to restrain their "lethal" behavior. iNKRs also regulate noneffector CD8 + T cell functions, including protection from TCR-driven apoptosis and the promotion of memory T cell homeostasis (3 
CD94/NKG2A receptors inhibit antiviral and anti-tumor CTLs
Recent evidence points toward CD94/NKG2A receptors as a dominant iNKR expressed by activated CD8 + T cells. In response to infection by mouse polyoma virus or lymphocytic choriomeningitis virus, most virus-specific CD8 + T cells upregulate CD94/NKG2A receptors (7-9). In the polyoma virus model, clearance of infectious virus is paralleled by an increase in the proportion of antiviral CD8 + T cells expressing CD94/NKG2A receptors, which act to limit their cytotoxic activity (7). Polyoma virus is a potent oncogenic pathogen that establishes persistent infection in mice; therefore CD94/ NKG2A plays a critical role in balancing excessive CTL lysis of widespread chronically infected cells against the need for effective CTL surveillance for virustransformed cells. This is in line with the proposal that iNKRs help maintain peripheral tolerance of autoimmune T cells (10) . It is perhaps also not surprising that CD94/NKG2A is stably expressed at high levels by virus-specific memory CD8 + T cells in persistent, but not acutely cleared, viral infections (7, 8) . Deleterious consequences of an imbalance in iNKR activation is evident in the finding that premature CD94/ NKG2A expression on antiviral CD8 + T cells is associated with delayed viral clearance and susceptibility to polyoma virus-induced tumors (7).
Like persistent virus infections, tumors provide a venue for chronic antigen presentation to T cells. Because tumors frequently overexpress self-proteins that serve as targets for antitumor T cells, the host might unwittingly engage iNKRs to preserve peripheral T cell tolerance. High proportions of CD8 + T cells that infiltrate melanomas and astrocytomas in humans express CD94/NKG2A (11, 12) , and antibody blockade of CD94/NKG2A receptors on melanoma-specific CD8 + T cells has been shown to restore anti-tumor CTL function in vitro (13) . Because autoreactive T cells typically express low-affinity TCRs, TCR signaling would be expected to be at a disadvantage to negative signaling by iNKRs. Moreover, negative signaling tends to dominate positive signaling when iNKRs and activatory NK receptors (aNKRs) co-engage MHC class I ligands on antigen-presenting cells (APCs), possibly due to the higher binding affinity of iNKRs (14) . Thus, there is considerable interest in understanding the mechanisms that control iNKR expression on CD8 + T cells. In vitro studies indicate that TCR activation and/or treatment with particular cytokines upregulate expression of certain iNKRs on antigen-specific CD8 + T cells (15) . Little is known about factors that control expression of iNKRs on CD8 + T cells in vivo.
Upregulating iNKR ligand expression
An alternative way to control the activity of iNKR + CD8 + T cells is to manipulate expression of iNKR ligands. There is precedent for this. Human cytomegalovirus (HCMV) and HIV encode proteins that selectively downregulate surface expression of MHC class I molecules that present viral peptides to TCRs but retain expression of those that engage iNKRs (16, 17) . Similarly, distressed cells (e.g., infection, neoplasia) upregulate MHC class Irelated molecules, such as MICA/B (humans) and Rae1 (mice), that serve as ligands for the activatory NKG2D receptors expressed by NK and CD8 + T cells (18, 19) . We previously speculated that the cytokine microenvironment created during viral infection might affect MHC class I expression levels on APCs and alter the balance between TCR and iNKR signaling (7) . Specifically, we hypothesized that IFN-γ, a dominant cytokine generated during innate and adaptive phases of immunity to many viral infections, would upregulate both TCR and iNKR ligands. If iNKR-transduced negative signaling overrode TCR positive signaling, IFN-γ could impair antiviral CD8 + T cell function. This possibility is supported by evidence that IFN-γ can facilitate viral evasion of NK killing. The HCMV UL40 glycoprotein, which contains a sequence identical to the HLA-E-binding peptide in the HLA-C leader sequence, triggers CD94/ NKG2A receptors on NK only in conjunction with IFN-γ-induced upregulation of HLA-E on APCs (20) .
Malmberg et al. (4) provide data supporting this hypothesis in a clinically important tumor model. While assessing the ability of short-term tumor cell lines derived from ovarian carcinoma patients to be lysed by CD8 + CTL, these investigators employed the common practice of pretreating target cells with IFN-γ to enhance MHC class I levels, with the intention of boosting CTL recognition. Unexpectedly, the opposite occurred. Because the allogeneic and peptide-specific CTL lines used in this study uniformly expressed CD94/NKG2A, the authors tested and found that blocking this receptor with a CD94 mAb restored lysis of the IFN-γ-treated tumor target cells. Importantly, the same result was seen for a tumor-associated T cell line against autologous ovarian tumor target cells. We have similarly found that IFN-γ upregulates Qa-1 expression on target cells and enhances their resistance to ex vivo lysis by CD94/NKG2A + polyoma virus-specific CD8 + T cells (N. Andrews et al., unpublished observations) An initially confounding result in the Malmberg et al. study was that IFN-γ treatment of long-term lines derived from a variety of tumors, including an ovarian carcinoma, improved CTL recognition, despite evidence that these cells expressed HLA-E and IFN-γ upregulated HLA-E expression. The answer lay in whether the tumor cells co-expressed another nonclassical MHC class Ib molecule, HLA-G. Of MHC class I molecules containing leader sequences that bind HLA-E, the leader sequence of HLA-G contains the peptide with highest HLA-E binding affinity (14) . Only the short-term ovarian carcinoma cell lines expressed HLA-E and HLA-G, and IFN-γ induced expression of both molecules. By boosting the MHC class I antigen processing machinery, IFN-γ should also promote generation of the HLA-G leader sequence peptide and its assembly with HLA-E. Loss of HLA-G expression by tumor cells with in vitro passage is also consistent with the hypothesis that neoplastic cells maintain expression of this MHC class Ib molecule in vivo to thwart anti-tumor CD94/NKG2A + CTL and NKs.
Unlike HLA-E (and Qa-1), which has a broad tissue distribution, HLA-G expression is largely restricted to pla-
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The anti-tumor CD8 + T cells with sufficient avidity to be activated by low numbers of MHC:peptide ligands (Figure 1) . IFN-γ from each of these endogenous sources may conspire to nullify the effector activity of NK cells and anti-tumor iNKR + CTL. Thus, the findings of Malmberg et al. (4) strike a cautionary note for using IFN-γ for tumor immunotherapy. Future studies to define factors that regulate expression and activation of iNKRs on CD8 + T cells may lead to novel strategies to reissue the killing license to anti-tumor CTLs.
